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1   Introduction 

Background 

The Department of Defense (DOD) is considering the application of natural gas 
conversion technologies to decrease the life cycle cost of delivering energy to its 
installations. Recent developments in these technologies offer the potential to im- 
prove efficiency and reduce emissions at lower energy costs. Natural gas technolo- 
gies such as low emissions burners, advanced gas turbines, and natural gas cooling 
systems are likely to become more important to the DOD. Identification of criteria 
for selection and application of these and other technologies is needed to compare 
their advantages and disadvantages. 

Objectives 

The objectives of this study are to develop criteria to quantify and compare energy 
and air emissions impacts of various natural gas technologies and various commer- 
cial and industrial heating and cooling technologies. 

Approach 

Current DOD natural gas consumption was reviewed. Ongoing DOD natural gas 
demonstrations (in fuel cells, desiccant systems, and gas cooling) were summarized. 
Previous research in identifying currently known, advanced gas technologies was 
used to enumerate potential gas technologies. The Renewables and Energy Effi- 
ciency Planning (REEP) software with its existing gas technology algorithms was 
used to preliminarily assess DOD energy and air emissions reduction potential. In 
cooperation with the Institute of Gas Technology, the latest advanced natural gas 
technologies were identified and summarized. 
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Mode of Technology Transfer 

Information derived in this preliminary study will be used to: 

1. Develop algorithms that will be incorporated into the REEP program to 
calculate energy and air emission impacts 

2. Review and modify existing gas technologies in REEP 
3. Enable the resultant REEP program to provide estimates of the potential 

impact of applying natural gas technologies within the DOD. 

Metric Conversion Factors 

The following metric conversion factors are provided for standard units of measure 
used throughout this report: 

1 psi = 6.89 kPa 

1 ton (refrigeration) = 3.516 kW 

°F = (°Cx 1.8)+32 

1 hp hour = 2.685 megajoule (MJ) 
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2   Energy Consumption 

Consumption Background 

Table 1 lists the fiscal year 1994 (FY94) DOD energy consumption. The FY94 total 

natural gas consumption for DOD is 93 million dekatherms. Natural gas supplied 

32 percent of the total BBtus consumed by DOD. In comparison, electricity supplied 

37 percent of the total BBtus consumed by DOD. From FY93 to FY94, natural gas 

consumption was reduced 7.4 percent while electricity consumption was reduced by 

only 1.9 percent. In comparison, energy consumption for fuel oil and coal dropped 

7.6 and 12.7 percent, respectively, between FY93 and FY94. 

Table 2 lists the FY94 DOD energy costs. The DOD total energy cost for FY94 was 

$2.77 billion. Natural gas costs for FY94 were $373 million; 13.5 percent of the DOD 

total. In comparison, electricity costs were $1871 million (68 percent of the DOD 

total). Thus, while natural gas provided 32 percent of the BBtus, it required only 

13.5 percent of the dollars expended for purchased energy. The FY94 average cost 

per unit of natural gas was $4.02 per dekatherm or $3.90 per MBtu. In comparison, 

the FY94 average cost for electricity was $16.53 per MBtu. 

Table 2 shows that 87 percent (81.3 of 93 million dekatherms) of DOD natural gas 

usage was for Buildings and Facilities; the remainder was for Industrial/Process 

applications. Typical natural gas usage in buildings and facilities is for heating, 

cooling, and hot water systems. 

Defense Fuel Supply Center Purchasing Program 

Background 

Federal Energy Regulatory Commission (FERC) Orders 436 and 500, issued in the 

mid-1980s, deregulated the natural gas supplies and provided for open access to 

transportation on the interstate natural gas pipelines. Before this time, most 

natural gas supplies were available only from the local distribution companies 

(LDC) or interstate pipelines, many of which had entered into long-term "take or 

pay" natural gas supply contracts. 
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Table 1. DOD energy costs (* $1000). 

Army Navy USAF Others Totals Total FY93 % 

Building & Facilities 

Electricity $541,171 $383,598 $526,743 211,810 $1,663,322 $1,775,372 -6.3% 

Fuel Oil 86,779 60,604 77,167 19,195 243,745 253,705 -3.9% 

Natural Gas 142,833 59,792 102,263 31,918 336,806 336,353 0.1% 

LPG/Propane 8,194 2,339 2,357 675 13,565 15,433 -12.1% 

Coal 29,864 1,485 23,492 3,431 58,272 46,180 26.2% 

Purchased Steam 157,105 5,109 7,659 2,149 172,022 159,872 7.6% 

Other 529 917 0 93 1,539 634 142.7% 

Totals $966,475 $513,844 $739,681 269,271 $2,489,271 $2,587,549 -3.8% 

Industrial /Process 

Electricity $3,749 $121,186 $83,194 0 $208,129 $226,470 -8.1% 

Fuel Oil 102 14,171 666 0 14,939 17,119 -12.7% 

Natural Gas 1,053 16,702 19,141 0 36,896 40,688 -9.3% 

LPG/Propane 15 105 46 0 166 163 1.8% 

Coal 6,047 4,507 0 0 10,554 11,749 -10.2% 

Purchased Steam 0 4,697 1,921 0 6,618 11,575 -42.8% 

Other 0 3,875 0 0 3,875 0 

Subtotal $10,966 $165,243 $104,968 0 $281,177 $307,764 -8.6% 

Totals $977,441 $679,087 $844,649 269,271 $2,770,448 $2,895,313 -4.3% 

FY1994 Unit Costs 

Electricity (Mwh) $1,871,451 67.6% 33,005,914 56.70 

Fuel Oil (gal »1000) 258,684 9.3% 381,363 678.31 

Natural Gas (cu ft " 1000) 373,702 13.5% 93,034,627 4.02 

LPG/Propane (gal x 1000) 13,731 0.5% 21,799 629.89 

Coal (tons) 68,826 2.5% 1,017,637 67.63 

Purchased Steam (Bbtus) 178,640 6.4% 11,988 14,901.57 

Other (BBtus) 5,414 0.2% 1,399 3,869.91 

Totals $2,770,448 100% 
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As a result, gas sold to end users by the LDCs or interstate pipelines could be very 

expensive in relation to gas sold on the spot market. FERC Orders 436 and 500 

opened the door for end users to have access to these lower cost spot market 

supplies. The military services began to contract independently for natural gas 

supplies for their individual installations. The lack of a formal structure to facilitate 

cooperation between the military services was a major impediment to the DOD's 

efforts in acquiring low cost natural gas supplies in this rapidly evolving industry. 

It soon became apparent that the ability to consolidate the natural gas requirements 

of all DOD installations located within each Local Distribution Company's service 

territory would enhance the buying power for these installations. A centralized 

natural gas acquisition within the DOD would also offer the opportunity for 

increased participation and potential savings opportunities for DOD installations. 

In 1989, the Defense Fuel Supply Center (DFSC) was given responsibility for this 

centralized effort. 

Recent Regulatory Changes 

The most recent regulatory changes with the greatest impact on the natural gas 

industry was the implementation of FERC Order 636 in October 1993, which 

required interstate natural gas pipelines to unbundle their natural gas supplies 

from the interstate transportation of natural gas. Before this order, interstate 

pipelines could give priority to the delivery of natural gas supplied and purchased 

for resale by the interstate pipeline company or its marketing affiliate. FERC Order 

636 required pipelines to deliver natural gas supplies on a nondiscriminatory basis 

with no priority given to gas supplies shipped by the interstate pipeline marketing 

affiliate. This Order also allowed the holders of firm transportation to release 

unused firm capacity to replacement shippers either through prearranged deals or 

via a bidding process on the pipeline electronic bulletin boards. This capacity 

release mechanism has given shippers of both firm and interruptible natural gas 

supplies access to market driven, reasonably priced interstate pipeline transporta- 

tion. 

Most interstate natural gas pipelines are, and have been, fully subscribed by firm 

shippers, most of which are local distribution companies, electric utilities, and large 

commercial or industrial companies. As a result, prior to FERC Order 636, most 

DFSC direct supply natural gas was transported as interruptible, with contracts 

indexed to the maximum interruptible transportation rates of a pipeline serving the 

local distribution company franchised to serve the area in which an installation was 

located. These DFSC contracts are, of course, requirements type contracts, whereby 

the Government is obligated to purchase only the amount of the actual requirement 

and does not guarantee to purchase the total quantity indicated in the solicitation. 
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Contractors were required to pass along any transportation discounts they received 
from the interstate pipelines to the DFSC customers. Unfortunately, policing this 
requirement was almost impossible. Post Order 636 contracts require contractors 
to include interstate transportation costs in their transport adjustment factors, 
which has resulted in a reduction of transportation costs. 

Under interruptible transportation, interstate pipeline curtailments could be veri- 
fied with the interstate pipeline company. As a result, if a DFSC contractor was un- 
able to deliver the total requirement, verification of curtailment of his interstate 
transportation (as required by the DFSC contract) was easily accomplished. Recall 
of firm released capacity, on the other hand, is much more difficult to verify. Also, 
firm released capacity has varying degrees of reliability, depending on the recall 
provisions of the contract between the releaser and the replacement shipper. To 
guarantee a percentage of reliability, most DFSC direct supply natural gas contracts 
now include a provision for limited interruptible transportation. The contract allows 
the contractor to use interruptible transportation, firm transportation, or firm 
released capacity (or a combination of all three) to deliver the natural gas require- 
ment. However, the DFSC contract requires the contractor to deliver a certain 
percentage of the monthly ordered quantity. These percentages are generally based 
on the curtailment history provided by the interstate pipelines and the local distri- 
bution companies serving the area in which the installation is located 

Although the use of firm or firm released capacity has increased deliverability and 
reliability of interstate pipeline transportation at reduced costs, one disadvantage 
is that contractors can now acquire interstate pipeline capacity through agreements 
with third parties and, even though these agreements are supposed to be posted on 
the pipeline's electronic bulletin board, a "grey market" has arisen that is difficult, 
if not impossible, to track. 

FERC Order 636 has given DFSC the opportunity to acquire interstate pipeline 
capacity as the shipper of record. Now DFSC can not only purchase the natural gas 
supplies, but also transport the gas under an agreement between DFSC and the 
interstate pipeline, store gas through an agreement with the pipeline, and balance 
the accounts of the customers served by the transportation agreement. 

DFSC Program Participation 

The first DFSC Direct Supply Natural Gas contracts were awarded in October 1990 
for natural gas requirements to be delivered via interruptible transportation to 17 
DOD installations in the central United States. Those contracts, as well as most 
subsequent contracts, were requirements type contracts with monthly economic 
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price adjustment provisions based on published market indicators that focus on the 

spot market price of natural gas. 

In addition to DOD installations, the DFSC natural gas program has a large 

customer base of Federal Civilian facilities. Although most of the gas procured by 

DFSC for the DOD customers is for heating, cooling, and hot water purposes, it also 

contracts for natural gas supplies for testing and research and for commercial and 

industrial applications. 

A small number of DOD installations use DFSC Direct Supply Natural Gas supplies 

as part of their cogeneration efforts. Additionally, DFSC contracted for gas supplies 

to be delivered to an electric utility company under an agreement with a DOD in- 

stallation whereby the installation provided the natural gas required for the 

production of the electricity consumed at the installation. 

Since the inception of the DFSC Direct Supply Natural Gas program, participation 

by DOD installations (as well as Federal Civilian installations) has continued to 

increase. At the end of FY95, 93 DOD installations located in CONUS and Alaska 

were participating in the program. 

In FY94, the DFSC Direct Supply Natural Gas was 23,211,520 dekatherms; 

25 percent of DOD's 93 million dekatherms of total consumption. For FY95, the 

total natural gas supplies purchased under DOD Direct Supply Natural Gas 

contracts was 31,280,466 dekatherms at an average cost to the installations of $2.34 

per dekatherm. In comparison, an equivalent amount of No. 2 fuel oil was $4.45 

(FY95 DFSC standard prices for bulk petroleum products) and an equivalent 

amount of No. 6 fuel oil was $2.94 (FY95 DFSC standard prices for bulk petroleum 

products). 

Comparing the DFSC average cost of $2.34 per dekatherm (FY95) to the $4.02 

average cost for all natural gas consumed by DOD in FY94 (Table 1) indicates the 

possible savings. (DOD FY95 energy consumption data have not been obtained yet.) 

The $1.68 per dekatherm difference in price suggests FY95 savings of approximately 

$52 million (for the 31 million dekatherms of Direct Supply Natural Gas) purchased 

through DFSC. According to DFSC calculations, the total cumulative savings, from 

the inception of the DFSC Direct Supply Natural Gas program in October 1990 

through July 1995, for all customers is $99.6 million. Of this total, the savings for 

DOD installations is $72.1 million. 



14 USACERL IR 97/23 

3  Technology Opportunities 

Numerous natural gas technologies with potential for application on DOD installa- 
tions have emerged or are being developed. Some of the more common gas tech- 
nologies have already been incorporated into the REEP program. The REEP 
program groups all technologies into the categories shown in Table 3, which also 
indicate proposed revisions to the categories use by REEP. The new and revised 
categories are proposed to accommodate the additional of new gas technologies. 
Table 4 shows a listing of emerging and state-of-the-art natural gas utilization 
technologies grouped according to the revised REEP categories with an indication 
whether each technology is currently in the REEP program. Technologies currently 
not in the REEP program will be considered, along with other gas technologies 
identified with assistance from the Institute of Gas Technology, for addition to 
REEP during the current USACERL study of DOD natural gas use. Technologies 
already in REEP will be reviewed and revised, as appropriate, during this current 
CERL effort. Each of the technologies listed are discussed briefly below.* 

Family Housing Heating/Cooling 

Engine-Driven Air-Conditioning 
Unit 

Conventional air-conditioning units 
driven by gas engines offer high 
efficiency and reduce peak electric 
demand. The air-conditioning unit 
consists of a gas-fueled engine that 
drives a compressor. A gas-engine- 
driven unit can efficiently meet 
fluctuations in cooling demand by 
varying its  speed.     All ancillary 

Table 3. REEP program groups of technologies. 

Current REEP 
Technology Categories 

Proposed New REEP 
Technology Categories 

Electrical Electrical 

Envelope Envelope 

Heating/Cooling Family Housing Heating/Cooling 

Building HVAC Systems 

Lighting Lighting 

Miscellaneous Miscellaneous 

Renewables Renewables 

Utilities Utilities & Heating/Cooling Plants 

Water Water 

Commercial Applications 

Industrial/Process Applications 

A more complete description of these technologies is available in: M.J. Savoie, P.M. Freeman, C.F. Blazek, and 
N.L. Potts, Advanced Natural Gas Fuel Technologies for Military Installations, Technical Report (TR) FE-94/24 
/ADA290104 (U.S. Army Construction Engineering Research Laboratories [USACERL], September 1994). 
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components except the air-circula- 

tion fan are driven by the gas en- 

gine. 

Residential Engine-Driven Gas 
Heat Pump 

Heat pumps provide efficient cool- 

ing in the summer and can meet 

most of the heating load during 

winter months. The gas-engine 

heat pump replaces both the fur- 

nace and the AC unit. This tech- 

nology is currently in REEP. Since 

it does replace both pieces of HVAC 

equipment, the gas engine-driven 

heat pump is only applied (in 

REEP) to installations that meet 

the Army's air-conditioning crite- 

ria. Although the current REEP 

algorithm for this technology does 

not address these capabilities, the 

gas-engine heat pump could con- 

ceivably heat water for domestic 

use and to power a backup genera- 

tor during electrical outages. 

High Efficiency Gas Furnaces for 
Family Housing 

This technology is currently in 

REEP. Replacing the older fur- 

naces in family housing with new 

high efficiency condensing units 

with pulse combustion could reduce 

fuel usage and costs up to 30 per- 

cent. Buildings best suited to con- 

version are those that have gas- 

fired furnaces. 

Table 4. Emerging and state-of-the-art natural gas 
utilization technologies grouped by REEP categories. 

Currently 
Cateaorv 1 Technoloav In Reep? 

Family Housing Heating/cooling 

Engine-Driven Air-Conditioning Unit N 
Residential Engine-Driven Gas Heat Pump Y 
High Efficiency Gas Furnaces for FH Y 
Nominal Efficiency Gas Furnaces for FH Y 

Building Hvac Systems 

Warm-Air Furnace N 
Desiccant Cooling Y 
Gas-Fired Heat Pumps N 

Utilities & Heating/Cooling Plants 

Cogen - Gas Turbine Y 
Cogen - Steam-Injected Gas Turbine N 
Cogen - Advanced Combined-cycle N 
Cogen - Recip. Engine Y 
Cogen - Peakshaving Twin-engine N 
Cogen - Phosphoric Acid Fuel Cells (Pafc) Y 
Cogen - Microgeneration Technology N 
Cogen - Tecogen Commercial Systems N 
Cyclonic Combustion Boiler N 
Gas Nominal Efficiency Boiler Y 
Gas High Efficiency Boiler (Pulse/modular) Y 
Pulsed-Combustion Steam Boiler N 
Triple-Effect Absorption Chiller N 
Gas Engine-Driven Chillers Y 
Gas Engine-Driven Compressors Y 
Gas-Enqine Water Pump Y 

Commercial Applications 

Gas Booster Water Heater for Commercial Kitchens N 
Combination Steam/Convection Oven N 
Combination Broiler/Griddle N 
Gas-Fired Rethermalizing Oven N 
High Performance Commercial Burner N 

Industrial/Process Applications 

Indirect-Fired Radiant Tube Burners N 
Radiant Tube Burners N 
Direct-Fired Radiant Burners N 
Pyrocore™ Radiant Tube Burner N 
Ultra-Low Emission Gas-Fired Combustor for Space Heaters N 
Ultra-Low NOx Industrial Hot Air Burner N 
Advanced Industrial Infrared Burner N 
Low-NOx Burners N 
Advanced Refinery Heater N 
Advanced Heat-Treating Ultracase™ Furnace N 
Advanced Gas-Fired Cement Furnace N 
Blast Furnace Natural Gas Injection N 
Gas-Fired lon-Nitriding Vacuum Furnace N 
Gas-Fired Electric Arc Furnace Dust Incineration Process N 
Oxygen Enrichment for Furnaces N 
Gas-Fired Rapid Heating Furnace N 
Cullet Preheater N 
Glass Batch Preheater N 
Advanced Glass Melter N 
Mineral Wool Melter N 
Pulse Combustion Dryer N 
Convective Microwave Industrial Dryer N 
Drvers for Plastic Resins N 
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Nominal Efficiency Gas Furnaces for Family Housing 

Federal Standards have increased the minimum efficiency requirements for fur- 
naces to 78 percent beginning 1 January 1992. Currently most furnace manu- 
facturers bottom-of-the-line models are rated 80 to 82 percent efficient. This energy 
conservation opportunity (ECO) analyzes retrofitting older inefficient furnaces with 
nominal efficiency units. The nominal efficiency units cost significantly less than 

the high efficiency furnaces. 

Building HVAC Systems 

Warm-Air Furnace 

Space-conditioning makes up a large percentage of total U.S. Army gas consumption. 
Many recent advances in burner technology and heat exchanger design could be 
applied to improve the efficiency of space-heating technology. With GRI support, 
Alzeta Corporation and Industrial Air Systems have developed a gas-fired furnace 
for heating large open spaces of commercial and industrial buildings such as ware- 
houses, factories, churches, and schools. The furnace design includes the Alzeta 
Pyrocore™ radiant burner and fully condensing heat exchanger for high-efficiency 

operation. 

Desiccant Cooling 

Separate controls for humidity and cooling can provide increased comfort and 
efficiency. Desiccant systems can provide low cost, high efficiency cooling without 
the use of chlorofluorocarbons (CFCs). Advances in desiccant material have 
produced increases in coefficients of performance (COPs) for desiccant cooling 
systems. Due to minimal electrical requirements, desiccant systems also eliminate 
the peak electric demand associated with conventional air-conditioners. This tech- 
nology is currently in REEP. 

Desiccants are liquid or solid materials that soak up humidity and release water 
vapor when heated. For space conditioning applications, the desiccant is deposited 
on a "honeycomb" wheel between two air streams. The moisture from the indoor air 
is absorbed on one side and then released on the other side into the exhaust air. 
Sensible cooling is provided by incorporating evaporative coolers in the pass of the 
dry air or an externally refrigerated cold liquid. 
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Gas-Fired Heat Pumps 

Gas heat pumps (GHPs) can provide both heating and cooling for space conditioning 
applications. GHPs can produce efficient residential heating using just one-fourth 
of the energy used by a high efficiency furnace. The GHP also provide cost effective 
cooling that reduces peak electric demand associated with conventional air-condi- 
tioning. 

Utilities and Heating/Cooling Plants 

Cogeneration-Gas Turbine 

Cogeneration systems can be sized to meet the thermal load and provide the elec- 
tricity to the on-base utility grid. The ability of gas turbine-generator sets to run 
efficiently and cleanly makes them suitable for base load power generation and 
increases electrical reliability at the installation. System are available in electrical 
capacities ranging from several hundred kWs to many MWs. This technology is 
currently in REEP. It is assumed for this application that the gas turbine cogenera- 
tion system will operate continuously and provide maximum power. 

CogenerationSteam-lnjected Gas Turbine Systems 

General Electric (GE) Company, with support from the GRI, is developing a steam- 
injected gas (STIG) turbine cogeneration system capable of providing variable power 
output and steam production. A steam-injection system was added to the GE 
LM1600, a commercially available, easily maintained, and fuel-efficient gas turbine. 
The excess steam generated by the turbine exhaust heat can be used for process 
applications or recirculated into the turbine at 100 to 300 psi. Steam injection can 
reduce fuel consumption by up to 20 percent, or increase the electric output from 12 
to 17.5 MW, depending on the electric demand. Steam injection increases the 
efficiency from 36 to 40 percent (lower heating value [LHV]). A gas-fueled turbine 
with steam injection also reduces emissions. The steam-injected LM1600 is com- 
mercially available. 

In addition to the GE LM1600, the Allison Gas Turbine Division of General Motors 
offers a STIG cogeneration system based on their model 501-KH gas turbine. 
Another company, European Gas Turbines, offers STIGs reported to increase tur- 
bine output by up to 20 percent. 
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Cogeneration-Advanced Combined-Cycle System 

Although very efficient for large plants, combined-cycle systems previously have not 
been cost-effective for plants under 20 MW because of the high capital cost and the 
relative inefficiency of small steam turbines. To solve this problem, Solar Turbines 
Inc., with support from GRI, has developed a 4.8 MW back-pressure steam turbine 

combined with an 8.6 MW gas turbine. 

The advanced combined-cycle system can achieve an overall thermal efficiency of 75 
percent. The high efficiency of the steam turbine is due to its high-temperature and 
high-pressure operation, advanced materials, and high rotational speed (30,000 
revolutions per minute [rpm]). Variable thermal outputs (up to 109,000 lb of steam 
at 100 to 250 psi) and electrical outputs (8.6 to 13.4 MW) provide greater flexibility 
to accommodate fluctuating electric and thermal loads. An optional condensing 
steam turbine can be added to the system to convert the process steam to electricity 
for a total system output of 22 MW. The advanced boiler design also offers the capa- 
bility of unattended operation and low emissions. The modular construction and 
simplification of the steam generator and steam turbine results in a low capital cost. 

Cogeneration-Reciprocal Engine 

Cogeneration systems can be sized to meet the thermal load and provide the 
electricity to the on-base utility grid. The ability of engine-generator sets to start 
quickly and run efficiently makes them ideal for peak shaving and to increase 
electrical reliability at the installation. This technology is currently in REEP. It is 
assumed for this application that the reciprocating engine cogeneration system will 
operate continuously and provide maximum power. 

Cogeneration-Peakshaving Twin-Engine System 

With support from GRI, Tecogen, Inc. has developed a peakshaving twin-engine 
cogeneration system. The system is designed to economically supply heat and elec- 
tricity for buildings with a steady baseload energy demand, and to reduce the use 
of expensive utility peak electricity by doubling its speed and output during peak 
loads. The twin-engine system has a baseload capacity of 160 kW and a peak load 

capacity of 320 kW. 

The system consists of two, 454 cu in. automotive-type, natural gas engines driven 
by a single 2-speed generator. The automotive engines are designed for high-speed 
operation, and are a fraction of the cost of industrial-grade engines. Engine life is 
extended by limiting the periods of peakshaving operation. A microprocessor control 
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system provides both on-site and remote operation capabilities and enables auto- 
matic switching between peakshaving and baseload operation. 

Cogeneration-Phosphoric Acid Fuel Cells 

Fuel cell technology displays great potential as a clean and efficient energy source 
that can use a variety of fuels. A fuel cell is an electrochemical device that converts 
fuel directly into electricity and heat. 

The benefits of fuel cells include a very high electrical generation efficiency in com- 
parison with other sources of power generation. Since fuel cell efficiency is rela- 
tively independent of load, this technology is useful for cogeneration and baseload 
power plants. In addition, the waste heat generated by fuel cells can be used for 
cogeneration applications. Fuel cells also produce low levels of emissions and noise, 
and modular construction of the fuel cell stacks make a range of sizes possible. 

Although fuel cells can use a variety of fuels, natural gas is well suited for the tech- 
nology. Natural gas contains few contaminants, requires minimal processing, and 
provides low energy costs. Of the various fuel cell types (classified on the basis of 
the type of electrolyte used), phosphoric acid fuel cells (PAFCs) are closest to com- 
mercialization. The PAFC has a relatively low operating temperature and is 
suitable for on-site applications to meet electrical demand and provide hot water and 
space heating. 

Cogeneration—Microgeneration Technology 

The initial costs of medium-sized (50 to 100 kW) packaged cogeneration systems 
have been reduced by high volume production and factory assembly. Since com- 
ponent, assembly, and maintenance costs do not scale down for smaller systems, the 
first cost of units less than 50 kW have remained too high for commercial success. 
Sponsored by GRI and Southern California Gas Company, Tecogen, Inc. is develop- 
ing advanced control, heat recovery, and packaging technologies for cost-effective 
microgeneration systems with 81 percent efficiency and high reliability. These 
concepts will be designed for light commercial applications of various sizes. 

Cogeneration—Tecogen Commercial Systems 

Tecogen has developed a 600 kW unit that produces low-pressure steam and vari- 
able amounts of electricity. Waste heat from the engine's cooling jacket is com- 
pressed to 85 to 125 psi gage (psig) steam. This system offers added flexibility by 
controlling the use of the compressor to provide the option of low pressure steam or 



20  USACERL IR 97/23 

additional electricity as needed. For example, during winter months, the system can 
provide low pressure steam for space heating and hot water. During the summer, 
the unit can generate the maximum electricity to offset peak utility charges and the 
low pressure steam can be used for hot water and absorption cooling. 

Cyclonic Combustion Boiler 

Cyclonic combustion takes place in a cylindrical combustion chamber. Natural gas 
and air are injected tangentially at high speed producing a swirling combustion flow 
pattern. This flow internally recirculates partially combusted hot gases, which 
intensifies and further stabilizes combustion. It also improves temperature and 
combustion uniformity, and reduces peak flame temperature to minimize NOx 

formation. 

Gas Nominal Efficiency Boiler 

The replacement of older, inefficient, gas-fired boilers can save a significant portion 
of the yearly gas heating costs. This technology is currently in REEP. It is assumed 
that the buildings best suited for conversion are those that have gas-fired hot water 
boilers in the size range of 0.5 to 1.5 MBtu/hr. 

Gas High-Efficiency Boiler 

Replacing the older boilers with new high efficiency modular boilers could reduce 
fuel usage and costs up to 50 percent. This technology is currently in REEP. Build- 
ings best suited to conversion are those that have gas-fired hot water boilers in the 
size range of 0.5 to 1.5 MBtu/hr. The typical plant is replaced by two high efficiency 
boilers with a rating of 40 percent of the original capacity. 

Pulsed-Combustion Steam Boiler 

A pulse combustor consists of a combustion chamber, valves, and exhaust pipes 
designed to regulate the combustion process by the action of combustion-generated 
waves. Once started, the pulse combustor is self-igniting and vents combustion 
products without needing a blower or a flue. Pulsed-combustion boilers have many 
advantages compared to boilers using power or atmospheric burners. The boiler 
operates with lean-fuel conditions, produces relatively low levels of NOX emissions, 
and generates very high heat transfer rates. The high heat transfer of pulse com- 
bustion requires less heat exchanger surface while improving efficiency to 85 
percent. Pulse combustion also permits modulated operation without a drop in 
efficiency. Due to its self-venting feature, combustion-air fans or expensive stack 
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systems are not needed. Pulse combustion can be used in low- and high-pressures 

steam boilers. This technology is currently in REEP. 

Triple-Effect Absorption Chiller 

Absorption cooling systems are heat-operated refrigeration systems that use pumps, 

heat exchangers, and pressure vessels in the place of the compressor used in conven- 

tional mechanical refrigeration. Absorption chillers recover low-grade industrial 

waste heat from cogeneration or process steam and produce chilled water. 

Gas industry researchers and the Trane Co. are developing a triple-effect absorption 

chiller based on the concept of a high temperature topping cycle followed by a low 

temperature bottoming cycle. The triple-effect chiller consists of a conventional 

single effect chiller combined with a smaller, higher temperature chiller. The high 

temperature topping cycle is fueled by natural gas combustion. Heat rejected from 

the topping cycle is used as the energy source for the bottoming cycle. The triple- 

effect technology is expected to achieve a coefficient of performance (COP) of 1.5, and 

an increase in efficiency of 50 percent over state-of-the-art double-effect absorption 

chillers. 

Gas Engine-Driven Chillers 

With support from GRI, Tecogen has developed a high efficiency, 150-ton, gas 

engine-driven chiller. The chiller is based on the automotive engine, which is 

durable but less expensive than an industrial engine due to high volume production. 

Carrier Corporation is jointly marketing it with Tecogen. The engine-driven chiller 

is expected to reduce customer cost by 30 percent or more. 

Gas Engine-Driven Compressors 

An increasing variety of tools and machinery are being run on compressed air. 

Although most industrial compressed air systems are driven by electric motors, gas- 

fueled engines provide a low cost, high-efficiency alternative. 

Although electric rates vary from region to region, the energy cost of operating a gas- 

fueled engine is usually much lower than the cost of operating an electric motor. In 

addition, the variable speed capability of gas engines allows them to operate effi- 

ciently at partial load. Electric compressor motors, on the other hand, are constant- 

speed devices without the flexibility of gas engines. The output capacity of electric 

compressors is controlled by throttling (restricting) the compressor inlet, which 
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inherently reduces efficiency. Also, gas-powered compressors reduce costs by 
eliminating peak electric demand charges and freeing up electric capacity. 

Gas-Engine Water Pump 

Municipal water wells and pumping systems typically use electric motors ranging 
from 50 to several hundred hp. It is assumed in REEP that these pumps operate on 
an "as required" basis. This can add significantly to an installation's peak electrical 
demand. Typically only a portion of these pumps would be converted to natural gas 
engine-driven prime movers. Additional controls would provide an operating 
sequence such that, during the on-peak period, the engine-driven pumps are the 
lead system while the electric motor pumps lag. Engine-driven pumping systems 
have been used successfully for crop irrigation for many years and are beginning to 
be used for municipal water-pumping systems. 

Commercial Applications 

Gas Booster Water Heater for Commercial Kitchens 

Booster heaters are used in many restaurants and institutional kitchens to raise the 
temperature of the hot water—usually set at 140 to 180 °F for a final sanitizing 
rinse. Although electric booster water heaters are commonly selected for their small 
size, they produce high operating costs. The American Gas Association Laboratories 
and Raypak, Inc., have developed an under the counter gas-fired booster water 
heater for GRI at the Gas Appliance Technology Center. 

Combination Steam/Convection Oven 

Combination steam and convection ovens are used for a variety of institutional 
cooking applications, including baking, roasting, moist roasting, and steaming. 
Electric combination ovens use resistance heaters that offer limited capabilities and 
a tendency for early failure caused by scale deposits and overheating. 

Combination Broiler/Griddle 

To improve cooking efficiency and decrease cooking time, a griddle was designed 
with an electric broiler to broil food from above while frying it on the griddle. The 
disadvantages of the electric broiler are its fragility, the high replacement cost of the 
quartz heating elements, and the difficulty cleaning the unit. A gas-fired infrared 
broiler section has been developed for installation on top of gas-fired griddles. 
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Gas-Fired Rethermalizing Oven 

In large volume food preparation, food typically is cooked in a conventional oven, 

chilled quickly to avoid bacteria growth, then "rethermalized" (reheated) several 

days later for serving. This process saves labor costs since skilled cooks can prepare 

food in advance. Conventional rethermalizing ovens are usually electric, a 

technology that involves high energy costs and the expense of replacing the electric 

resistance heaters. A gas-fired oven that can be used for rethermalizing as well as 

conventional convection cooking has been developed. 

High Performance Commercial Burner 

A powered burner for commercial open-top ranges has been developed. The powered 

burner provides the same usable output as conventional burners, but at a reduced 

input. This results in lower operating costs and better performance. 

Industrial/Process Applications 

A number of industrial/process natural gas applications have been identified from 

previous research. To determine whether these technologies should be in the REEP 

program, it will be necessary to assess the applicability of each of these technologies 

to DOD facilities. A preliminary list of industrial/process technologies follows: 

Indirect-Fired Radiant Tube Burners 

Radiant Tube Burners 

Direct-Fired Radiant Burners 

Pyrocore™ Radiant Tube Burner 

Ultra-Low NOx Industrial Hot Air Burner 

Advanced Industrial Infrared Burner 

Advanced Refinery Heater 

Advanced Heat-Treating Ultracase™ Furnace 

Advanced Gas-Fired Cement Furnace 

Blast Furnace Natural Gas Injection 

Gas-Fired Ion-Nitriding Vacuum Furnace 

Gas-Fired Electric Arc Furnace Dust Incineration Process 

Oxygen Enrichment for Furnaces 

Gas-Fired Rapid Heating Furnace 

Cullet Preheater 

Glass Batch Preheater 

Advanced Glass Melter 
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• Mineral Wool Melter 
• Pulse Combustion Dryer 
• Convective Microwave Industrial Dryer 
• Dryers for Plastic Resins. 
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4   Demonstration Programs Status 

Several of the natural gas technologies have gained sufficient public attention to 
receive congressional funding to demonstrate the technology at military installa- 
tions. USACERL is currently executing DOD demonstrations of natural gas cooling, 
desiccant cooling, and fuel cells. For each of these demonstration programs, the 
currently selected sites are indicated with a very brief indication of status. 

Natural Gas Cooling Demonstration 

Background 

The FY93 Defense Appropriations Act provided $6 million of equipment procure- 
ment funds to the DOD for "natural gas chillers for the air-conditioning of Depart- 
ment of Defense facilities." The FY94 Defense Budget also includes $16,750,000 to 
continue this program. Strategic Environmental Research and Development 
Program (SERDP) funding (FY94-95) helped support program activities. The 
program is providing field demonstrations of natural gas cooling technologies and 
evaluating their overall potential within the DOD. 

Demonstration Site Status 

A number of demonstration sites have been 
selected and are at various stages of comple- 
tion. Table 5 lists the number of sites at 
various stages of the demonstration process. 
Data collection is presently occurring at 
several of the operational sites. Table 6 lists 
current gas cooling demonstration sites. For 
each site, the retrofit equipment is indicated 
along with the current status of the project. 

Table 5. Current gas coo 
sites. 

ling demonstration 

Activity Number of Sites 

Evaluated 20 

Designed 14 

Installed 6 

Operational 5 
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Desiccant Cooling Demonstration 

The FY94 Defense Appropriations "Research, Development, Test and Evaluation, 
Army" directed that $200,000 be appropriated for a natural gas-fired desiccant 
cooling demonstration. The FY95 Defense Appropriations, "Operations and Main- 
tenance, Defense-Wide" directed that $2.5 million of the Federal Energy 
Management Program budget be "reserved for energy improvements involving the 
two-wheel, super high efficiency desiccant dehumidification and cooling systems." 

Table 7 lists 14 sites that have been selected or that are being evaluated to receive 
a desiccant system to supplement the existing cooling system. Nine of the 14 sites 

are in the design or construction stage of the process. 

Fuel Cell Demonstration 

Background 

The FY93 Defense Appropriations Act provided $6 million per service for 
procurement of "natural gas fuel cells currently in production in the United States." 
The FY94 Defense Appropriations Act provided $6.25 million per service for 
procurement of fuel cells. These funds have been used to purchase "turnkey 
packages," which include installation and initial maintenance of the fuel cell 
equipment. Other demonstration activities such as site evaluations, contract 
administration, and performance monitoring have been supported by the SERDP 
program and by the Office of the Assistant Secretary of Defense. 

Demonstration Site Status 

From the FY93 appropriation, fuel cell power plants have been installed at 12 DOD 
locations. These FY93 sites are listed in Table 8 along with the type of facility 
served. It is expected that the FY94 appropriation will result in the purchase and 
installation of approximately 21 additional fuel cell power plants. (Between FY93 
and FY94, the price per fuel cell charged by the manufacturer has been lowered 
significantly; allowing more units to be purchased.) Sites for placement of the FY94 
appropriated fuel cells will be determined in FY96. 
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5  Screening Analysis 

Methodology 

One method for evaluating the potential impact of various natural gas technologies 

is to use REEP software developed at USACERL. The REEP software performs a 

generalized energy/financial/pollution analysis for energy saving technologies at 

DOD installations in the continental United States. Facility data, weather data, 

utility rates, and electrical generation mix are contained in installation database 

files. An initial analysis applies algorithms for each technology to the various data 

to produce energy savings estimates. These estimates are then used in an economic 

analysis that considers regional pricing and life-cycle factors. The economic analysis 

is based on the DOD's Energy Conservation Investment Program (ECIP) standards. 

The economic results are then filtered through user-set minimum requirements. To 

address the possibility of competing technologies, the analyst can select competition 

criteria (like simple payback) and run a separate analysis to exclude competing 

technologies that are less attractive. Pollution abatement estimates are then cal- 

culated based on the energy savings and regional electrical generation mix. Finally, 

all of the results are totaled across the selected installations. 

For this analysis, a technology was considered economically viable if it had a simple 

payback of 10 years or less, and a savings to investment ratio (SIR) 1.25 or greater. 

REEP offers a wide variety of energy conservation technologies. For this analysis, 

only the natural gas technologies were selected. The natural gas technologies 

currently found in REEP (and described in Chapter 3 of this report) are: 

Cogeneration-Fuel cell 

Family Housing (FH) High Efficiency Gas Furnace 

Cogeneration-Gas Turbine 

FH Nominal Efficiency Gas Furnace 

Cogeneration-Reciprocating Engine 

FH Gas Engine-Driven Heat Pump 

Direct-Fired NG Chillers (5 to 50 tons) 

Desiccant Cooling 

Direct-Fired NG Chillers (50 to 100 tons) 

Gas High Efficiency Boilers 
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Direct-Fired NG Chillers (>100 tons) 
Gas Nominal Efficiency Boilers 
Gas-Engine Chillers (5 to 50 tons) 
Gas-Engine Air Compressors 
Gas-Engine Chillers (50 to 100 tons) 
Gas-Engine Water Pump 
Gas-Engine Chillers (>100 tons). 

Note that some of these technologies compete. Each "Cogeneration" technology 
competes with other cogeneration technologies; direct-fired chillers compete with 
gas-engine chillers. 

The analysis for this interim report used the gas technologies currently available in 
REEP listed above. The major focus of this natural gas utilization study is to 
identify additional natural gas technologies and develop the algorithms to be 
included in the REEP software. The final report of this effort will include REEP 
analysis incorporating the newly developed natural gas REEP algorithms. The 
advanced gas technologies listed in Chapter 3 are some of the technologies being 
considered. Along with the newly developed algorithms for advanced gas 
technologies, the REEP algorithms for the existing gas technologies will be reviewed 
and modified as needed. 

REEP Analysis Results 

As required by REEP, initially a Simple Analysis (no screening or eliminating com- 
peting technologies) was performed. All DOD installations were included. Only the 
gas-related ECOs (as listed above) were selected. Following the Simple Analysis, 
the Financial, Resource, and Pollution analysis were run and results are shown in 
Tables 9, 10, and 11, respectively. In the tables, the Cogeneration technologies are 
broken out with a separate subtotal. The Cogeneration technologies are capable of 
greatly increasing the totals to levels that may not be realistic, given the real world 
practical limits imposed by the need to reduce physical plant ownership 
(privatization) and associated maintenance despite the potential savings, or other 
policy and financial limitations. The Cogeneration subtotals in Tables 8, 9, and 10 
are "competed" results; only the most economical choice is listed as an opportunity 
for sites where more than one type of cogeneration was applicable. 



USACERL IR 97/23 33 

u 
CO 
£) >. 
CO 
a 

o 

w 
O 
ü 

o 
>> 
(0 
E 
E 
3 
CO 

A
d

ju
st

ed
 

In
te

rn
al

 
R

at
e 

of
 R

tr
n 

o 
CM 

CD 

5? 
p 
CO 

5? 

CO 

5? 
Is- 
CJJ 

■-•2 
Is- o 

Ö 

-2 5s- 
CD 

CO 

5s 

in 

CD CD 

"-2 
o 

CD 

--2 

CD 

5? 
o 

CO 

5? 
m 
CD 

5? 
to 
ai 

-2 0s- 
o 

Ö 

5? 
o 
oi 

p 
CO 

co 
5? 
in 
oi 

leg 
o 

CO 

oj 

CO 

c\i 

en 
OJ 

oi 
CO 
OJ 
ai 

CO 
CD 

o 

CO 
CO 
oi 

CO 
o 

CO 
CD 
oi 

OJ 

oi 
OJ 
CO 
OJ 

CO 
CO 

csi o 

Is- 
CO ^ o 

CD 
CO 

5 
Oi 

S
im

pl
e 

P
ay

ba
ck

 
(Y

ea
rs

) 

o 
in OJ 

CO 

iri 
r- 
co 

5 
CD o in 

00 
CD 
CD 

o 
in o 

CD CD 
CO 
Is- 

iri o 
Is- 
oi 

CD 
m 
CO 

CO 
CO 

» 
(A 
Dl 
C '> 
(D 

CO 

o 

o CD 

r-" 
CO 
m 
of 

<D" 

OJ 

CD 
OJ 

co" 
CD p 

OJ 
CO 
CD 
co" -^ 
OJ 
co" 

o 
Is- 

o CO 

o 
r-" 
CD 
as 

CD 

ai_ 

CD 

CD 

CD" 
CO 

h-" 

o Is- 
o 
CO 
in 
CO 
CO 
of 

in 
m 
^f 
■*" 

CO 
N- 

O 

OJ 
CO 
Is- 
o 
o 

5. 
CO 
CO 

to" 
CO 

o h- 

OJ 
r-" 

in 
co" 

CD 
CD 
CD 
co" 

Is- 

CO *«* 
CD 
co" 
CO 
OJ 
co" 
in 

CO 
CO 
co" 
o 
CD 
o>" 

— » 

ü 

o 
CO 
CD 
CD 
r- 
o 
CD" 

eg- 

CO 

CO 
of 
in 
OJ_ 

CO «ft 

OJ 
CO 
CO 
co" 
CD 
CO_ 
CD 
CD 

Is- 
Is- 
co_ 

r^ 
OJ 

m" 
in 

CD 
CO 

■*" 

O CO 
in 
Is- 
co" 

co" 
CD 

o 
Is- 
of 
CD 
m 

m 
CO 
CO 

CD 
CD 
h-" 
CO 

o CO 
Is- 
m 
o 
OJ 

CO 
CO 

of 
in 
°i 
co" 
in 

OJ 
CO_ 

GO 

1^ 

io 
o> 

5 

s 

o 

CD 
co" 
CD 
CO 
of 
CO 

O 
O 
OJ_ 

in 
Is- 

o 
^1- 

CO 

1 
co" 

o>" 
CD 
CD 

s 
CO 

(A 
.2 

°'I 
o t 2 ä 

o. 
O 

o in 
Is- 

OJ 

m 
in 
o 
CO 

O 
CO 
Is- 
OJ 

Is- 
m 

o m 
CM 
"3- 

o CO 
o 

o m 

m 

Is- 
CD 
CD 

Is- o 
00 
CO 

Tf CO 
CO 
CO 

CO 
CD 

o 
to 

c 
_  o 
o s 

.    (0 

II 
(A 

o m CD OJ 
OJ o - o CD 

OJ - co 
o „jj. r- s o CO 

in 
CO CD 

in 

c 
o 
o y 
C 

w 
0) 
X 
X 
u. 

CD 
Ü 
co 
a 

3 
li- 
en 
CO 
Ü >. 
o 
c 
CD 

O 

UJ 
x: 
O) 
X 
X 
u_ 

3 
LL 
(O 
CO 

G >. 
o 
c 
CD 

'o 
3= 
UJ 

"cö 
c 

E 
o 
z 
X 
u_ 

OJ 

o_ 
X 

c 
<D 

Q 

CD 
C 
O) 
c 

UJ 
CO 
CO 

G 
X 
LL 

co 

Ü < > 
X 
o> 

"O 

CO 

c _ 
o o 
c 
CO 
Ü 

"co 
CO 
CD 

Q 

(0 

c 
(0 
0. 

« 
c 
a) 
Ü 

5 

(0 

_aj 
o 

CD >. 
o 
c 
a> 
"o 
it= 
UJ 
JZ 
O) 

X 
CO 
CO 

a 

in 

CO 

a> 
'5 
CO >* 
o 
c 
0) 
o 
it 
UJ 

"cö 
c 

'E 
o z 
CO TO 
G 

CD 

CO 
c 
o 
h- 
o 
o 

A 
CO 

in 
O 
G 
z 
u_ 
a 

r- 

CO 
c 
o 
H 
o 
o 

A 
CO 

o 

o 
CD 
c 
'O) 
c 

LU 

cö 
CO 

G 

CO 

CO 
c 
o 
h- 
o 
o 

Ö 
in 
CO 

„ 

Ü 

G 
z 
u_ 
Q 

CD 

CO 
c 
o 
r- 

o 
o 

Ö 
m 
CO 

& 
x: 
Ü 

CD 
C 

"cn 
c 

UJ 
CO 
CO 

G 

o 

CO 
c 
o 
H 
o 
in 
in 
CO 

<!> 
Jz 
G 
G 
Z 

u_ 
Q 

CO 
c 
o 
t- 
o 
in 

in 
(O 

ea 

JZ 
O 
CD 
C 

o> 
c 

UJ 
CO 
CO 

G 

OJ 

Q. 
E 
3 

OL 

CD 

T5 

CD 
c 
O) 
c 

UJ 

cö 
CO 

G 

CO 

co 

CD 
CO 
CO 
CD 

Q. 

E 
o 
O 

B 
CO 

g 
LU 

CO 
CO 

C3 

•r» 

3 

« 
JQ 
3 
to "CD 

O 

"CD 

\ 
CD 
O) 
O 
Ü 

in 

CD 
C 

"O) 
c 

UJ 

d. 
ö 
CD 

I 
0 
O) 
o 
Ü 

CD 

CD 
c 
15 
3 
H 
CO 
CO 

% 
CD 
O) 
O o 

Is- 

^* 
to 

in 

3 
o 
A 
3 
to 

CO 

< 

i 



34 USACERL IR 97/23 

Table 10. Energy summary of ECOs. 
Total Energy 

Savings 
(MBtu/Yr) 

Electricity 
Savings 

(MBtu/Yr) 

Demand 
Savings 

(MBtu/Yr) 

Gas 
Savings 

(MBtu/Yr) 

Oil 
Savings 

(MBtu/Yr) 

Coal 
Savings 

(MBtu/Yr) 

FH Heating/Cooling 

1    FH High Efficiency Gas Furnace 0 0 0 0 0 0 

2   FH Nominal Efficiency Gas Furnace 634892 -18233 0 653125 0 0 

3   FH Gas-Engine Driven HP -68483 561466 38303 -629949 0 0 

Bldg HVAC 

4   Dessicant Cooling -1298240 630011 111838 -1928251 0 0 

Utilities/Central Plants 

5   Gas High Efficiency Boilers 1893955 0 0 1893955 0 0 

6   Gas Nominal Efficiency Boilers 96 0 0 96 0 0 

7   DFNG Chillers > 100 Tons 0 0 0 0 0 0 

8   Gas-Engine Chillers > 100 Tons -1132360 772080 75141 -1904440 0 0 

9   DFNG Chillers50-100Tons -10778 4208 553 -14986 0 0 

10 Gas-Engine Chillers 50-100 Tons -544929 425429 43504 -970358 0 0 

11 DF NG Chillers 5-50 Tons 0 0 0 0 0 0 

12 Gas-Engine Chillers 5-50 Tons -304994 148152 15040 -453146 0 0 

13 Gas-Engine Water Pump -1742598 1032789 138211 -2775387 0 0 

14 Gas-Engine Water Compressors -9079 5383 581 -14462 0 0 

Subtotal (1 thru 14) -2,582,518 3,561,285 423,171 -6,143,803 0 0 

15 Cogen-Fuel Cell 0 0 0 0 0 0 

16 Cogen-Recip. Engine -6275000 5738713 192000 -12013713 0 0 

17 Cogen-Gas Turbine -268205 597783 20000 -865988 0 0 

Subtotal (15,16,17) -6,543,205 6,336,496 212,000 -12,879,701 0 0 

TOTALS -9,125,723 9,897,781 635,171 -19,023,504 0 0 

Table 11. Pollution summary of ECOs. 
Sox 

Abated 
(Tons) 

Nox 
Abated 
(Tons) 

Paniculate 
Abated 
(Tons) 

CO 
Abated 
(Tons) 

C02 

Abated 
(Tons) 

Hydrocarbons 
Abated 
(Tons) 

FH Heating/Cooling 

1   FH Hi Efficiency Gas Furnace 0 0 0 0 0 0 

2   FH Norn Efficiency Gas Furnace -38 31 -1 10 33246 0 

3   FH Gas Engine Driven HP 958 337 60 11 89755 3 

Bldg HVAC 

4   Dessicant Cooling 1137 319 58 -9 28673 3 

Utilities/Central Plants 

5   Gas High Efficiency Boilers 1 130 3 32 108903 1 

6   Gas Nominal Efficiency Boilers 0 0 0 0 6 0 

7   DFNG Chillers > 100 Tons 0 0 0 0 0 0 

8   Gas-Engine Chillers > 100 Tons 1158 391 67 -5 51429 3 

9   DF NG Chillers 50-100 Tons 11 3 1 0 488 0 

10 Gas-Engine Chillers 50-100 Tons 623 198 33 -1 28767 1 

11 DF NG Chillers 5-50 Tons 0 0 0 0 0 0 

12 Gas-Engine Chillers 5-50 Tons 238 65 12 -2 4284 1 

13 Gas-Engine Water Pump 1647 590 102 -6 79718 4 

14 Gas-Engine Water Compressors 8 2 0 0 204 0 

Subtotal (1 thru 14) 5,742 2,066 334 30 425,472 15 

15 Cogen-Fuel Cell 0 0 0 0 0 0 

16 Cogen-Recip. Engine 7545 2202 393 -5 342778 17 

17 Cogen-Gas Turbine 1115 321 51 5 67731 2 

Subtotal (15,16^17) 8,661 2,523 444 1 410,508 19 

TOTALS 14,403 4,589 778 31 835,980 34 
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To provide an indication of the total (noncompeted) potential application for each of 
the cogeneration technologies, Table 12 shows the total number of opportunities 
listed in the REEP Simple Analysis (with less than a 10-year simple payback and 

a SIR greater than 1.25). 

Highlights—Table 9 Financial Summary 

The subtotal for gas technologies (without Cogeneration) indicates nearly 50,000 
ECO opportunities with yearly savings of $66M for the investment of $391M; 
approximately a 6-year payback. Of the 50,000 opportunities, about three-fourths 
are family housing furnaces and heat pumps. The other ECOs with large numbers 
of opportunities are Desiccant Cooling (2730 opportunities) and High Efficiency 
Boilers (7457 opportunities). 

The lowest simple paybacks among the non-Cogeneration ECOs were for Gas- 
Engine Chillers (5 to 50) tons, Gas-Engine Water Pumps, and Gas-Engine Air Com- 
pressors, all with paybacks slightly under 5 years. 

Cogeneration-Reciprocal Engines exhibited the lowest payback (2.74 years) of all 
ECOs. This ECO, with only 384 opportunities, adds significantly to the savings and 
initial cost totals at the bottom of the table. In this competitive analysis (screening 
based on economics with no credit for pollution abatement), fuel cells were not 
selected for any sites. (Table 12 lists fuel cell opportunities.) 

Highlights—Table 10 Energy Summary 

For the non-Cogeneration ECOs, annual energy savings was negative 2 million 
MBtus/yr. Total energy consumption increased (even though energy costs were 
reduced as shown in the previous table). This is to be expected since many of the gas 
technologies produce cost savings by replacing expensive electrical consumption 
with cheaper gas energy consumption. Implementation of the non-Cogeneration 
ECOs is estimated to increase annual gas consumption by 6 million MBtus/year 
while reducing electrical consumption 3.5 million MBtus/year. 

Table 12. REEP simple analysis (noncompeting) of ECOs—cogen only. 

Number of 
Opportunities Initial Cost 

Total Savings 
($/Yr) 

Simple 
Payback (Yrs) 

SIR 
Ratio 

15 Coqen - fuel cell 112 $82,386,326 $12,527,296 6.6 L  1.84 

16 Coqen - recip. engine 408 $139,662,915 $49,474,200 2.8 4.48 

17 Coqen - qas turbine 41 $451,402,000 $72,432,514 6.2 2.24 

Totals 561 $673,451,241 $134,434,010 5.0 2.65 
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Adding in the Cogeneration ECOs once again significantly changes the totals. 
Several of the savings subtotals for Cogeneration are several times larger than the 
subtotals for all other ECOs combined. 

Table 11—Pollution Summary 

This table provides estimates of abated pollution. Pollution values (for an assumed 
mix of electrical generation types for the region of the United States where the 
military installation is located) are used along with the REEP estimate of energy- 
savings for each ECO to calculate abated pollution. Abated pollution from each site 
is summed to arrive at the abated pollution listed in the table for each ECO. 

Table 12 Simple Analysis—Cogeneration Only 

This table shows a (noncompetitive) financial summary for each of the three 
Cogeneration technologies. Only opportunities with less than a 10-year payback 
and greater than a 1.25 SIR were included. Fuel cell opportunities that were 
screened out by the other cogeneration technologies during the previous 
(competitive) analysis is estimated at 112 opportunities, $82 million initial cost, and 
$12 million per year savings with a 6.6 year payback. Due to continuing progress 
in economic viability of fuel cells, the REEP algorithm for fuel cells needs to be 
updated (and will be during this study). Also, the environmental advantages of fuel 
cells were not a consideration in the REEP screening process. 

General Comments 

The presentation of the REEP analysis to be included in the final report at the end 
of this project (after the advanced gas technology algorithms are developed and the 
existing algorithms are revised) will be given in greater detail in the final report for 
this study. Additional gas ECOs can be expected to change the REEP summary 
estimates for DOD-wide use of natural gas. More detailed breakouts of natural gas 
use within the DOD will also be included in the final report. 
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6  Summary and Conclusions 

Of the total energy consumed by DOD (in FY94), 32 percent of the BBtus was 

supplied by natural gas. However, natural gas costs for the same time period were 

only 13.5 percent of the total energy costs. Thus, natural gas offers greater energy 

per dollar than some other energy supplies. 

In FY94, approximately 25 percent of the natural gas consumed by the DOD was 

purchased through the Defense Fuel Supply Center purchasing program. The DFSC 

average cost of $2.34 per dekatherm for natural gas (in FY95) is significantly lower 

than DOD's average cost of $4.02 per dekatherm for all natural gas consumed (in 

FY94). According to DFSC calculations, DOD savings from the DFSC purchasing 

is $72.1 million between October 1990 and July 1995 (pp 7, 8). 

The DOD demonstrations of fuel cells, desiccant systems, and natural gas cooling 

are in-progress (Ch 4) at the following number of DOD sites: 

Demonstration Number of Sites 

Natural Gas Cooling 18 

Desiccant Cooling 11 

Fuel Cells 12 

Performance results and demonstration conclusions will be determined. 

Candidate technologies (Chapter 3) will be considered along with others when deter- 

mining the natural gas technologies to be included in the REEP program. 

The preliminary REEP analysis (using gas ECOs already in REEP) estimated a 

potential annual savings (for noncogeneration technologies) at $66 million. (Note 

that DOD purchased $373 million of natural gas in FY94.) Cogeneration 

technologies produce large estimates of potential savings. However, it is doubtful 

that such large scale implementation of cogeneration would truly be practical. 

The average cost per MBtu of natural gas is significantly lower than for electricity. 



38  USACERL IR 97/23 

The DFSC purchasing program is providing significant savings in DOD natural gas 
costs. Reductions in the price of natural gas improve the economics of natural gas 
technologies compared to other fuel technologies. However, higher natural gas 
prices improve the economics of advanced technologies that use natural gas more 
efficiently. 

The DOD demonstration programs have resulted in energy-saving equipment being 
installed at dozens of DOD sites with many more sites to be involved in FY96. 
Results from some of the earliest installed sites should be available in FY96. 

Natural gas technologies will be identified and algorithms developed for inclusion 
in the REEP program. REEP will then be used to estimate DOD-wide energy and 
air emissions reduction potential. A more detailed presentation of the REEP 
analysis will be included in the final report at the end of this project (after the 
advanced gas technology algorithms are developed and the existing algorithms are 
revised). Additional gas ECOs can be expected to change the REEP summary 
estimates for DOD-wide use of natural gas. The final report will also include more 
detailed breakouts of natural gas use within the DOD. 
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